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Abstract of JP61 07654 

PURPOSETo provide a method for producing a lactone, especially gamma- butyrolactone in high yield 
under a relatively mild condition, in hydrogenation of a saturated and/or unsaturated dicarboxylic acid 
anhydride as the raw material. CONSTITUTION:This method for production of a lactone by 
hydrogenating a saturated and/or unsaturated dicarboxylic acid anhydride in the presence of a 
ruthenium-phosphine complex is characterized by the coexistence of silica in the hydrogenation. 
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DETAILED DESCRIPTION 
[0001] 

[Industrial Application] This invention relates especially to the manufacturing method of 
gamma-butyrolactone about the manufacturing method of lactone. Gamma-butyrolactone 
is a compound useful as synthetic powder, such as a solvent and pyrrolidones. 

[0002] 

[Description of the Prior Art] Many proposals are made about the approach for 
hydrogenating the anhydride of saturation and/or partial saturation dicarboxylic acid by 
the liquid phase, and manufacturing lactone conventionally. 

[0003] For example, the approach (U.S. Pat. No. 3,1 13,138 number) using the palladium 
catalyst supported to activated carbon, the approach (for example, JP,43-6947,B) using a 
nickel system catalyst, and the approach (for example, JP,58-29142,B) using a cobalt- 
palladium system catalyst are learned as a catalyst. Moreover, the example which 
performs the above-mentioned catalytic reaction using a homogeneous catalyst also being 
known, for example, there being an example of the hydrogenation reaction which used 
RuC12(PPh3) 3 in the U.S. Pat. No. 3,957,827 number, and making an organic amine live 
together for the same catalyst as a U.S. Pat. No. 4,485,246 number is indicated. 

[0004] 

[Problem(s) to be Solved by the Invention] However, if a succinic anhydride is used as a 
raw material, although gamma-butyrolactone will be comparatively obtained by high 
yield, the approach using the activated carbon support palladium catalyst indicated by the 
U.S. Pat. No. 3,1 13,138 number needs a two-step reaction, when a maleic anhydride is 
used for a raw material, and has a problem on complicated actuation in which a catalyst 
must be added during a reaction. 

[0005] The advantage that the approach of using a nickel system catalyst and a cobalt- 
palladium system catalyst has comparatively cheap catalyst expense has the reaction 
condition of a certain thing very as cruel as 250 degrees C and 100kg/cm2G. Therefore, 
side reaction, such as generation of cyclic ether and a decarboxylation, advances, and the 
selectivity of lactone is not necessarily satisfactory. 

[0006] On the other hand, although a reaction advances under comparatively mild 
conditions when using the ruthenium catalyst of a homogeneous system, catalytic activity 
will be low and a reaction will take long duration to it. 

[0007] 

[Problem(s) to be Solved by the Invention] In hydrogenating saturation and/or a partial 
saturation dicarboxylic acid anhydride as a raw material, the purpose of this invention is 
under a comparatively mild condition to offer the approach of manufacturing lactone, 
especially gamma-butyrolactone by high yield. 



[0008] 

[Means for Solving the Problem] As a result of inquiring wholeheartedly that the above- 
mentioned trouble should be solved, by making a silica live together for a ruthenium 
catalyst, this invention persons find out that hydrogenation catalyst activity improves, and 
came to complete this invention. 

[0009] That is, in hydrogenating the anhydride of saturation and/or partial saturation 
dicarboxylic acid, this invention relates to the manufacturing method of the lactone 
characterized by performing a hydrogenation reaction under silica coexistence under 
existence of a ruthenium phosphine complex compound. 

[0010] This invention is explained to a detail below. 

[001 1] The raw material used by this invention is the anhydride of saturation and/or 
partial saturation dicarboxylic acid. Specifically, a maleic anhydride, a succinic 
anhydride, itaconic acid anhydride, an anhydrous citraconic acid, an anhydrous methyl 
succinic acid, an anhydrous glutaric acid, etc. are mentioned. Among these, a maleic 
anhydride and a succinic anhydride are more desirable, and can obtain gamma- 
butyrolactone by high yield in this case. 

[0012] Moreover, if the dicarboxylic acid anhydride of the saturation which is these raw 
materials, or partial saturation has the the same hydrogenation product, it may be mixed 
by what kind of ratio. 

[0013] The catalyst used by this invention is a ruthenium phosphine complex compound. 
As this ruthenium phosphine complex compound For example, a dichloro tris (triphenyl 
phosphine) ruthenium, a chloro tris (triphenyl phosphine) hydride ruthenium, A dichloro 
tetrakis (triphenyl phosphine) ruthenium, a dichloro dicarbonyl bis(triphenyl phosphine) 
ruthenium, A tricarbonyl bis(triphenyl phosphine) ruthenium, a chloro hydride carbonyl 
tris (triphenyl phosphine) ruthenium, A bis(tri-n-butyl phosphine) tricarbonyl ruthenium 
etc. is mentioned, and it is a dichloro tris (triphenyl phosphine) ruthenium more 
preferably. 

[0014] These ruthenium phosphine complex compounds carry out the direct reaction of 
the inorganic-acid salt, the organic-acid salt or the ruthenium complex, and the organic 
phosphine compound of a ruthenium by the well-known approach, and can be 
compounded. 

[0015] A ruthenium, an iodation ruthenium, a nitric-acid ruthenium, etc. are mentioned, 
as the inorganic-acid salt of a ruthenium — ruthenium chloride and bromination — as an 
organic-acid salt An acetic-acid ruthenium etc. is mentioned. For example, as a 
ruthenium complex For example, a tris (acetylacetone) ruthenium, tetra-carbonyl 
ruthenium acid 2 potassium, A PENTA carbonyl ruthenium, a cyclopentadienyl 
ruthenium, a dibromo tricarbonyl ruthenium, DOTEKA carbonyl triruthenium, a tetra- 
HIDORI dodecacarbonyl ruthenium, A tetra-carbonyl dihydrido ruthenium, 
OKUTADEKA carbonyl hexa ruthenium acid JISESHIUMU, undeca carbonyl hydride 



triruthenium acid tetra-phenyl phosphonium, etc. are mentioned. 

[0016] It does not interfere, even if it uses what the ruthenium phosphine complex 
compound could add the direct organic phosphine compound, could compound it in 
reaction mixture, and was compounded independently beforehand in this invention. 

[00 1 7] As an organic phosphine compound used in case a ruthenium phosphine complex 
compound is compounded in the manufacture approach of this invention Tri-n-butyl 
phosphine, a tree t-butyl phosphine, a tree n-octyl phosphine, Thoria reel phosphines, 
such as trialkylphosphine, such as tri-cyclohexyl phosphine, and triphenyl phosphine 
Alkyl aryl phosphines, such as a dimethylphenyl phosphine, a diethyl phenyl phosphine, 
and ethyl diphenylphosphine 1 and l-bis(diphenyl phosphino) methane, 1, 2-bis(diphenyl 
phosphino) ethane, 2 seat phosphines, such as 1, 3-bis(diphenyl phosphino) propane, 1, 
and 4-bis(diphenyl phosphino) butane, are mentioned, and these can also be used 
combining one sort or two sorts or more. 

[0018] The 1000 mols of the amount of the organic phosphine compound used are 
preferably used from 0.1 in 0.5 to 100 mols to the inorganic-acid salt, organic-acid salt, 
or ruthenium complex of a ruthenium. Moreover, beforehand, when using the compound 
ruthenium phosphine complex compound, even if it adds an organic phosphine 
compound if needed, it is not necessary to set aside. When adding an organic phosphine 
compound, 1000 mols or less are preferably used in 100 mols or less. 

[0019] The 100 mols of the range of 0.001 to ten mols of the concentration in reaction 
mixture are [ the amount of the ruthenium phosphine complex compound used mentioned 
above in this invention ] preferably good from 0.00001 as a ruthenium in 11. of reaction 
solutions. 

[0020] although there is especially no limit about the configuration of the silica used by 
this invention — powder or a granularity thing — it can be used — surface area - 700m2/g 
from 1 -- it is the range of 50 to 400m2/g preferably. It is not necessary to necessarily use 
the thing of a high grade about the purity of a silica, even if impurities, such as an 
alumina, are contained, it does not interfere at all, and 97% or more of thing is used 
preferably 95% or more of purity. 

[0021] Although especially the amount of the silica to be used is not limited, 1 - 100 % of 
the weight is preferably good 0. 1 to 200% of the weight to a raw material. 

[0022] In the approach of this invention, a reaction is presented with the anhydride of 
saturation and/or partial saturation dicarboxylic acid, after making it dissolve in a solvent 
preferably. As a solvent, it is inactive at a hydrogenation reaction, and does not react with 
a raw material. Again If it does not react with the lactone which is a product, there will be 
especially no limit. For example, diethylether, dimethoxyethane, a jig lime, a TORIGU 
lime, Ether, such as tetraglyme, a tetrahydrofuran, and dioxane, A methanol, ethanol, n- 
butanol, an iso-butanol, a tert-butanol, Aliphatic hydrocarbon, such as alcohols, such as 
1 ,4-butanediol, n-hexane, and a cyclohexane, Aromatic hydrocarbon, such as benzene, 



toluene, ethylbenzene, a cumene, and diisopropylbenzene, Ureas, such as amides [, such 
as lactone, such as acidic solvents, such as an acetic acid, and gamma-butyrolactone, 2- 
pyrrolidone, and N-methyl pyrrolidone, ], N, N and N, N-tetramethylurea, N, and N'- 
dimethyl imidazo RJJION, are mentioned. 

[0023] The amount of the solvent used will not be limited at all, if it is extent which a raw 
material dissolves in reaction temperature. 

[0024] The reaction by the approach of this invention is carried out under warming and 
hydrogen pressurization. There is especially no limit in the reaction approach, and it does 
not matter whether it is the reaction approach of the liquid phase heterogeneous system of 
the batch process which made the silica live together, or a half-batch process or is the 
reaction approach of the fixed-bed pressurization circulation type filled up with the silica. 

[0025] As for reaction temperature, 50-300-degree C 120-250 degrees C are usually 
chosen preferably. Even if it makes it high more than this, a side reaction product 
increases and is not desirable. Conversely, if temperature is made lower than this, it will 
become disadvantageous in respect of a reaction rate, moreover, the pressure of hydrogen 
~ usually - 10-150kg/cm2G ~ 15-120kg/cm2G is chosen preferably. With the high 
pressure beyond this, it is unnecessary on equipment and economy, and less than [ this ], 
a reaction rate becomes slow and becomes disadvantageous. 

[0026] Although it is difficult to decide the range generally in order to change by the 
method or the reaction approach of setup, such as temperature, a pressure, and the 
amount of catalysts, in a batch process and a half-batch process, 1 hours or more are 
usually required for reaction time, and it is preferably good. [ of 1 - 16 hours ] Although 
it may be longer than this, a reaction is ended within the limits of this. If it is less than [ 
this ], a high invert ratio may not be obtained. Moreover, in a continuous system reaction, 
the residence time is good in 0.1 - 10 hours. 

[0027] 

[Example] Hereafter, although an example explains this reaction in more detail, these 
reactions are not these things by which example limitation is carried out. 

[0028] After teaching 98mg [ of maleic anhydrides ] (lmmol), and dichloro tris (triphenyl 
phosphine) ruthenium 9.6mg (O.Olmmol), silica (made in Devi Fuji Son; carry act -10) 
36mg, and toluene 1ml to the autoclave made from stainless steel of 1 10ml of examples 
and permuting the inside of a system by it enough from hydrogen, hydrogen was pressed 
fit so that it might be set to 50kg/cm2G. The temperature up was carried out to 1 80 
degrees C, carrying out heating churning, and the hydrogenation reaction was performed 
for 4 hours. 

[0029] The autoclave was cooled to the room temperature after reaction termination, 
hydrogen was purged continuously, and reaction mixture was taken out. As a result of 
carrying out a silica a ** exception and gas chromatography's analyzing a filtrate, the 



yield of gamma-butyrolactone was 75.5-mol% to the maleic anhydride of a raw material. 



[0030] Reaction and analysis were performed like the example 1 except having not used a 
silica in example of comparison 1 example 1 . As a result, the yield of gamma- 
butyrolactone was 50.7-mol% to the maleic anhydride of a raw material. 

[0031] Reaction and analysis were performed like the example 1 except having used 
lOOmg (lmmol) of succinic anhydrides as a raw material in example 2 example 1. As a 
result, the yield of gamma-butyrolactone was 86.7-mol% to the succinic anhydride of a 
raw material. 

[0032] Reaction and analysis were performed like the example 2 except having not used a 
silica in example of comparison 2 example 2. As a result, the yield of gamma- 
butyrolactone was 75.6-mol% to the succinic anhydride of a raw material. 

[0033] Reaction and analysis were performed like the example 2 except having set the 
addition of a silica to 18mg in example 3 example 2. Consequently, the yield of gamma- 
butyrolactone was 86.1-mol% to the succinic anhydride of a raw material. 

[0034] Reaction and analysis were performed like the example 2 except having set the 
addition of a silica to 72mg in example 4 example 2. Consequently, the yield of gamma- 
butyrolactone was 82.4-mol% to the succinic anhydride of a raw material. 

[0035] Reaction and analysis were performed like the example 2 except having carried 
out the reuse of the silica 36mg used in the example 1 in example 5 example 2. 
Consequently, the yield of gamma-butyrolactone was 86.8-mol% to the succinic 
anhydride of a raw material. 

[0036] Reaction and analysis were performed like the example 2 except having made 
reaction time into 16 hours in example 6 example 2. As a result, the yield of gamma- 
butyrolactone was 92.0-mol% to the succinic anhydride of a raw material. 

[0037] 

[Effect of the Invention] according to this invention — as a raw material — saturation — 
and — or in hydrogenating a partial saturation dicarboxylic acid anhydride, lactone can be 
manufactured by high yield by performing a hydrogenation reaction under existence of a 
ruthenium phosphine compound and silica coexistence. 

CLAIMS 

[Claim 1] The manufacturing method of the lactone which is characterized by performing 
a hydrogenation reaction under silica coexistence in hydrogenating the anhydride of 
saturation and/or partial saturation dicarboxylic acid under existence of a ruthenium 
phosphine complex compound. 



[Claim 2] The approach of an application for patent given in the 1 st term of the range the 
anhydride of saturation and/or partial saturation dicarboxylic acid is an anhydride of a 
succinic acid and/or a maleic acid, and lactone is gamma-butyrolactone. 
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